The spraying of a paint formula (Acramin F system) had led to severe pulmonary disease in textile printing sprayers in Spain and Algeria (Ardystil syndrome). In order to elucidate the underlying mechanisms of the toxicity of this paint and its main polymeric components, Acramin FWR, Acramin FWN, Acrafix FHN, and Acramoll W, we have undertaken studies using a battery of different cell-types and assessing in vitro cytotoxicity by measuring LDH leakage. This study shows that, as in in vivo studies, the three polycationic paint components, Acramin FWR (a polyurea), Acramin FWN (a polyamide-amine), and Acrafix FHN (a polyamine) exhibited considerable cytotoxicity (LC 50 generally below 100 g/ml for an incubation of 20 -24 h) in vitro, while Acramoll W, which is not a polycation, was almost non-toxic (in the concentration range tested). The cytotoxicity was comparable in primary cultures of rat and human type II pneumocytes and alveolar macrophages as well as in the pulmonary cell line A549 and the hepatic cell line HepG2. In human erythrocytes, the toxicity was less pronounced. We speculate that the multiple positive charges play an important role in the toxic mechanism. It is concluded that Acramin FWR and Acramin FWN have similar intrinsic toxicity and that these polymeric compounds, which have no irritant properties or systemic toxicity when given orally, exert a high, unexpected, degree of cytotoxicity.
An outbreak of severe respiratory disease occurred in the Community of Valencia, Spain in 1992 among factory workers who worked in areas where textiles were air-sprayed (instead of being applied as pastes for screen-printing), with dyes using the Acramin F paint system. Moya et al. (1994) conducted an epidemiological study among 257 workers from 8 textileprinting factories in the area and identified 22 cases of bronchiolitis obliterans with organizing pneumonia, of whom 6 died over the course of a few months. Most subjects worked or had worked in the "Ardystil" factory. The clinical features of the pulmonary disease have been recently described by Romero et al. (1998) . A similar outbreak took place in Tlemcen, Algeria, where 1 young woman died and at least 2 others were affected by severe interstitial lung disease after using similar products and techniques as in the Ardystil-plant (Ould Kadi et al., 1994) .
The Acramin F paint system has been in use since the early fifties for dying textiles. Its components are polymers with no particular "structural alerts" (see Fig. 1 ) and according to the Material Safety Data Sheets, the paint components were considered, on the basis of standard toxicity testing procedures, to be non-irritant for the skin or eyes and safe after being swallowed. In view of all the available data, it is clear that several factors played a role in the outbreaks in Spain and Algeria: first, the paints were not applied as recommended but rather used as aerosols for airbrushing; and second, the hygienic conditions in the factories involved appear to have been very poor, with the workers exposed to very high concentrations (up to 10 mg/m 3 ) of aerosolized paint (Moya et al., 1994) . Nevertheless, the subacute time course, the unusual presentation, and the extreme severity of the disease were and still are puzzling (Camus and Nemery, 1998) . The epidemiological study showed convincingly that the outbreak was associated, both in time and location, with a formula change from Acramin FWR (a polyurea) to Acramin FWN (a polyamide-amine) in the paint system used (Moya et al., 1994) .
We have attempted to find a toxicological basis for the reported clinical and epidemiological findings, first by studying the intratracheal toxicity, in hamsters, of the components of the Acramin F system-i.e., Acramin FWR (FWR), Acramin FWN (FWN), Acrafix (FHN), and Acramoll W (W), each tested alone as well as in relevant combinations (Clottens et al., 1997) -and then by performing a subacute inhalation toxicity study of FWR and FWN in rats (so far published in summary form only ). None of these experimental studies could explain the epidemiological hypothesis that the replacement of FWR by FWN had led to the outbreak, because the toxicity of FWN proved to be equal to or lower than that of FWR. However, these findings in animals did show that the respiratory toxicity of both agents was surprisingly high for compounds that, being unreactive polymers, would not be expected to be particularly hazardous by most toxicologists. There were very few clues from comparable agents to explain this high respiratory toxicity. Therefore, the objectives of the present in vitro study were to verify further whether there were any major differences between the intrinsic toxicities of FWN and FWR and, more importantly, also to try and understand the unexpected respiratory toxicity. Therefore, we studied the cytotoxicity of the 4 main components of the Acramin F system in relevant in vitro systems. Different cell types were used, in order to find out whether the observed toxicity in vivo was due to a specific susceptibility of the pulmonary epithelium or rather due to the fact that the pulmonary epithelium was directly exposed to these aerosolized paints.
MATERIALS AND METHODS
Reagents and materials. Tissue culture plates (96-well and 24-well) and 60-and 100-mm-diameter culture dishes were purchased from Corning (International Medical, Belgium). Deoxyribonuclease (DNase) I was purchased from Boehringer Mannheim GmbH. Waymouth's 752/1 medium, CO 2 Independent Medium, fetal calf serum (FCS), HEPES, penicillin-streptomycin solution (10,000 U and 10,000 g/ml, respectively), fungizone (250 g/ml) and L-glutamine (200 mM) were obtained from GIBCO (Merelbeke, Belgium). Pyruvic acid, ␤-nicotinamide adenine dinucleotide, reduced form (␤-NADH), bovine albumin, Percoll, 3-[4,5 dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT), dimethylsulfoxide (DMSO), and trypsin type I (EC 3.4.214, were purchased from Sigma Belgium (Bornem, Belgium). All other chemicals were obtained from U.C.B. Belgium (Vel, NV/SA, Leuven, Belgium). PBS ϩ buffer was prepared as 130 mM NaCl, 5.4 mM KCl, 11 mM glucose, 10.6 mM HEPES, 2.6 mM Na 2 HPO 4 , 1.9 mM CaCl 2 , and 1.29 mM MgSO 4 , adjusted to pH 7.4.
Paint components.
The various paint components and their specifications (see Fig. 1 ) were received from Bayer AG (Leverkusen, Germany): Acramin FWR (lot No K-0529) is a polyurea with a mean molecular mass (MM) of 3700 g/mol and consists of a white powder; Acramin FWN (lot No T-56232) is a polyamide-amine with a mean MM of 29,000 g/mol and consists of a liquid containing 58.2 % active compound in water; Acrafix FHN (lot No T-59903) is a polyamine salt with a mean MM of 1,000,000 g/mol and consists of a liquid containing 15.7% active compound in acidified water; Acramoll W (lot No A-43) is a co-polymer of butylacrylate with a mean MM of approximately 300,000 g/mol and consists of a liquid containing 34.5% active compound in water (ϩ emulgator). FWR was dissolved (10% w/v) in acidified (acetic acid 6% v/v) water.
Before each experiment, the last solution and the liquid compounds were diluted volumetrically, using distilled water, so as to obtain working solutions of 4%, 0.8%, 0.16%, 0.032%, 0.0064%, and 0.00128% of the initial solutions. Final incubation concentrations (further diluted 10-fold) have been expressed as g/ml of active compound (assuming that the density of the bulk solutions is 1g/ml) rather than in molar terms, because of uncertainty regarding the exact molecular weight of these polymeric agents.
At high concentrations, i.e., 100,000 and 20,000 g/ml, the paint components changed both the osmolarity and the pH of the culture media. However, at 4000 g/ml of the initial solutions, these physico-chemical properties were not changed. Taking into consideration the concentration of the active compound in the bulk solutions, the maximum concentrations used were 400 g/ml for FWR, 2328 g/ml for FWN, 628 g/ml for FHN, and 1380 g/ml for W.
Rat type II pneumocytes and alveolar macrophages. Male Wistar rats of 180 -200 g body weight were obtained from an in-house strain. The animals were maintained in a conventional animal house, with 12-h dark/light cycles, in wire-bottom cages. The animals had free access to water and laboratory food.
Type II pneumocytes were isolated based on a method described previously (Richards et al., 1987; Hoet et al., 1995) . Briefly, rats were anesthetized by an overdose of pentobarbital (Nembutal, Sanofi), ip, and killed by exsanguination. After cannulation of the trachea, the lungs were perfused with 0.9% NaCl solution via the pulmonary artery and then removed from the animal. Bronchoalveolar lavage (BAL) was performed using 5 times 5-10 ml of warm (37°C) 0.9% NaCl. The BAL fluid was centrifuged (10 min, 300 ϫ g) yielding 3-8 ϫ 10 6 cells, consisting of more than 95% macrophages. The lungs were trypsinized (250 mg trypsin/lung in 100 ml PBS ϩ ) at 37°C for 30 min, and the enzyme activity was stopped by adding 5 ml of FCS. After chopping, shaking, and filtering, the cell suspension was layered onto a discontinuous Percoll gradient and centrifuged for 20 min at 300 ϫ g. The cells of the creamy layer above the heavy gradient were plated in a petri dish and incubated for 1 h in order to let the macrophages attach. In our extensive experience, the differential attachment yields an average purity of 90% type II cells and an average of 15.5 ϫ 10 6 cells per animal. The viability of these cells, as assessed by trypan blue exclusion, was 98%.
Human type II pneumocytes and alveolar macrophages. Lung tissue was obtained from patients undergoing lobectomy or pneumectomy for lung cancer. Within minutes after resection, a large portion of macroscopically nontumoral tissue was cut from the surgical specimen and the tissue was placed in PBS ϩ . The isolation of the human alveolar type II pneumocytes was based on the method of Hoet et al. (1994) , analogous to the above described isolation of type II pneumocytes from the rat, except that no lavage was done, but the tissue was first sliced and washed with NaCl (0.9 %) before trypsinization. The washing fluid contained mainly macrophages and erythrocytes. In order to eliminate the erythrocytes, the lavage fluid was suspended in an isotonic shock solution containing 155 mM NH 4 Cl, 10 mM KHCO 3 , and 0.1 mM EDTA, pH 7.4 (Roos and Loos, 1970) , for 10 min at 4°C. The remaining cells were washed twice (10 min, 300 ϫ g) in PBS ϩ , yielding 3-10 ϫ 10 6 cells per gram of tissue, consisting of more than 95% macrophages with a viability of more than 98%.
A549 and HepG2 cell lines. Two cell lines were used: A549 cells (a human pulmonary epithelium tumour cell line) were obtained from ATCC and HepG2 cells (a human hepatocytes cell line) were given by Prof. Yap (Laboratory of Hepatology, K.U. Leuven) originally obtained from ATCC.
Human erythrocytes. Venous blood (2 ml) was taken from volunteers in Vacutainers (Becton Dickinson) containing 0.04 l 17.0 M EDTA. After centrifugation (3000 rpm, 5 min) the plasma and buffy coat were removed and a 750-l red blood cell suspension was taken and washed in 40 ml PBS ϩ . The washed erythrocytes were resuspended in 10 ml of medium (Waymouth medium containing 10% FCS, fungizone, penicillin/streptomycin and L-glutamine), counted (Coulter Counter, model Dn), and the suspension diluted to 8 ϫ 10 6 cells per 100 l.
Cell culturing. All cells were incubated in 96-well plates at 37°C, in an atmosphere containing 5% CO 2 , in Waymouth's medium containing 10% FCS, 1% glutamine, 1% penicillin-streptomycin solution, and 0.5% fungizone.
Alveolar macrophages and type II pneumocytes were plated at a density of 100,000 cells/well in 200 l. Two h after plating the AM, the wells were rinsed in order to remove the non-adherent cells. The primary cells were studied after 48 h in culture, at which time the AT-II had well attached and had reached confluence. The cell lines were used as soon as the cells had reached confluence. Erythrocytes were used in the cytotoxicity study immediately after collection. Preliminary tests showed that 8 ϫ 10 6 erythrocytes per well (4 ϫ 10 7 erythrocytes per ml) was sufficient to discriminate between different levels of toxicity. This concentration of erythrocytes is within the range used by other investigators (Nolan et al., 1981; Richards and Hunt, 1983) .
Assessment of cytotoxicity. After washing the cells with PBS
ϩ and filling the wells with 180 l of fresh medium, 20 l of distilled water (control) or the freshly prepared working solutions (see above) of FWR, FWN, FHN or W were added. Thus the final incubation concentrations tested were 0 (control), 1.28, 6.4, 32, 160, 800, and 4000 g/ml of the bulk solutions (human cells were only exposed to the 4 highest concentrations). Cell toxicity was determined after 20 -24 h of incubation (37°C, 5% CO 2 ) with the components.
In order to mix erythrocytes efficiently with the paint components, 20 l of the stock solutions were pipetted into the microtiter plate containing 80 l of medium, then 100 l of erythrocytes (8 ϫ 10 6 cells) were added to each well and mixed with the first 100 l.
Preliminary tests showed that the release of lactate dehydrogenase (LDH) was a suitable index for assaying cell toxicity, as opposed to 3 H-adenine leakage (van der Wal et al., 1990) or MTT reduction (Mosmann, 1983) , which gave unreliable results because the paint components interfered with the assay. After incubation with the tested agents, the medium was removed, the adherent cells (or the erythrocytes after centrifugation) were washed twice (once in the case of erythrocytes) in 200 l PBS ϩ and then lysed using 0.2% Triton-X. The LDH activity of the medium (LDH medium ) and the cell lysate (LDH cells ) were determined by monitoring spectrophotometrically the reduction of pyruvate (Vassault, 1983) , and this was used to assess cytotoxicity or its inverse, viability, according to the following formula:
Data presentation and analysis. All data are presented as means Ϯ SD. Data points on dose-effect curves were fitted according to a sigmoid curve (by iteration) using Prism 2.0 (GraphPad) which allows the calculation of median cytotoxicity concentrations (LC 50 values) with 95% confidence intervals (CI). Statistical differences were assessed by one way analysis of variance of LC 50 values.
RESULTS

Cytotoxicity of the Paint Components
The LC 50 values of the various agents in the different cell types are summarized in Table 1 . In none of the examined cell types was any cytotoxicity observed upon incubation with Acramoll W up to the maximum concentration tested (1380 g/ml). Therefore, only the findings with the other components will be depicted in detail.
In the rat and human type II pneumocytes (Fig. 2 ) the toxicities of FWN, FWR, and FHN were in the same order of magnitude, and no significant differences were found between these 3 components.
In the rat alveolar macrophages, no differences were observed between the toxicities of the three components, but in the human alveolar macrophages, FWN was consistently less toxic in the two examined cell isolations (p Ͻ 0.05) than the other two components (Fig. 3) .
In A549 cells and HepG2 cells (Fig. 4) , the toxicity of FWR was significantly higher than that of FWN and FHN (p Ͻ 0.05).
In general, the observed toxicity (Table 1) was neither species-nor cell type-specific. FWR, FWN, and FHN also exhibited a similar degree of toxicity, when "average" LC 50 values were computed for the 6 adherent cell types. These 3 values were not significantly different from each other. Note. LC 50 values obtained by fitting a sigmoidal curve through all the experimental points reflecting viability (as assessed by LDH-leakage after incubation for 20 -24 h) in various cell types (mean data points shown in figures 2-5). Sigmoidal curve fitting was performed by iteration. A good fit gave R 2 values of Ͼ0.9 except when indicated with *. Curve fitting was impossible for Acramoll W because no toxicity was obtained; n, number of experiments.
FIG. 2.
Viability, as assessed by LDH-leakage, after 20 -24 h exposure of primary type II pneumocytes to different concentrations of paint components. Viability is expressed as % of unexposed cells. Symbols represent mean Ϯ SD, n ϭ 4 for rat cells; n ϭ 3 for human cells. Acramin FWR ϭᮀ; Acramin FWN ϭƒ; Acrafix FHN ϭ ‚.
When studying the erythrocytes, we found in a preliminary test using 0.5, 1, 2, 4, 8, or 16 ϫ 10 6 cells per culture well, that the optimum concentration of erythrocytes was between 4 and 8 ϫ 10 6 cells. At lower cellular concentrations, the toxicity was difficult to determine because of the low total LDH activity, while at higher cellular concentrations toxicity diminished, presumably as a result of a lower ratio of component to cell number. The toxicity of the paint components proved to be relatively low in erythrocytes (Fig. 5 ) compared to pneumocytes. Only in the presence of FWR did viability drop below 50% of control, and the other components showed only little or no toxicity.
DISCUSSION
We have studied the in vitro toxicity of various components of a paint system that has been held responsible for a dramatic outbreak of occupational organizing pneumonia, and which has been popularized as the "Ardystil syndrome". It is named after the facility where most of the casualties occurred among the workers who were engaged in air-spraying textiles with this paint (Moya et al., 1994; Ould Kadi et al., 1994) . So far, this paint system, which had been in use for more than 40 years, had had an excellent safety record when used as intended. Indeed, prior to the outbreak, there have been no scientific publications nor reports made to the manufacturer of any untoward effects associated with this paint. Neither the chemical structure of the constituent polymers, nor their known toxicological profile (non-toxic and non irritant by conventional animal testing via the oral and dermal routes) would have led to suspect a high degree of pulmonary toxicity. Yet, they proved to be surprisingly toxic to experimental animals by intratracheal administration (Clottens et al., 1997) as well as by inhalation . The present in vitro findings now also demonstrate that 3 paint components of the Acramin F system, Acramin FWR, Acramin FWN, and Acrafix FHN, exhibit a considerable degree of cytotoxicity in vitro, with values of LC 50 generally below 100 g/ml (Table 1) .
In some instances, LC 50 values appeared higher for FWN or FHN (Table 1) , but this was either statistically insignificant or possibly was due to the fact that the data did not always converge to 0% viability at high component concentrations, rendering the iteration less precise. However, Figures 2-5 show that the toxicity patterns were similar for all the different cell types. This toxicity is not cell-specific for pulmonary cells, such as alveolar macrophages or type II pneumocytes, but other cells, such as hepatocytes, appear equally susceptible when tested in vitro. FWR, FWN, and FHN also exhibited a similar degree of toxicity. When "average" LC 50 values were computed for the 6 adherent-cell types (using mean cytotoxicity data obtained in different cell types, except erythrocytes), the following data were obtained: 24 g/ml (95% CI: 13-42 g/ml), 71 g/ml (95% CI: 29 -173 g/ml), and 51 g/ml (95% CI: 20 -125 g/ml) for FWR, FWN, and FHN, respectively. These 3 values are not significantly different from each other.
Although it is difficult to compare in vitro toxicities, particularly in the absence of suitable benchmarks, the degree of cytotoxicity found with the present compounds is impressive when compared to what we have previously observed in primary type II pneumocytes or A549 cells, e.g. using crystalline SiO 2 (DQ12), cobalt and hard metal particles, or PVC particles. Thus, we found that in similar culture conditions, LC 50 values in rat type II pneumocytes of 3630 g/ml for SiO2, 3360 g/ml for cobalt particles and 505 g/ml for hard metal particles (Roesems et al., 1997) and LC 50 values of more than 26 mg/ml for different PVC particles in A549 cells (H. Xu, unpublished) . In studies exposing macrophages to silica, toxicity has been observed from 10 g/ml onwards (Driscoll et al., 1990) , but reduction in viability by 50% (or more) has only been reported between 500 and 5000 g/ml (Englen et al., 1989; Melloni et al., 1993; Vallyathan et al., 1988) .
The rationale for using erythrocytes was mainly that these cells have been used extensively in the past to assess membrane toxicity caused by inhaled particles such as silica (Elferink, 1986; Singh et al., 1983) . The cytotoxicity study using LDH release in erythrocytes differs from these classical hemolysis studies, but we have chosen to study the release of LDH over 1 day in order to obtain comparable results within the whole study. In our system, we obtained 10% cytotoxicity using 500 g/ml silica (DQ-12 or Min-U-Sil), which is in good agreement with the results of others, who have reported that hemolytic damage caused by silica starts to occur in the low mg/ml range (Singh et al., 1983; Nolan et al., 1981; Richards and Hunt, 1983) . The toxicity of the tested components was generally lower in erythrocytes than that found with the other cell types tested. However, the lower susceptibility of erythrocytes may be a consequence of the differences in cell culture technique between these cells and the other cells. Erythrocytes are not attached to the culture plate and this renders the collection of the LDH cell and LDH medium (see Materials and Methods) somewhat more difficult. In the toxicity experiments, we used 8 ϫ 10 6 cells per well, giving an optimum for assessing LDH activity both in the cells and the medium. Another difficulty was the need to use EDTA or another anticoagulating compound, which presumably leads to changes in cell-surface characteristics of the erythrocytes. In preliminary experiments, we found no difference in the toxicity of FWR, FWN, or FHN whether EDTA (0.17 M) or sodium citrate (0.0125 M) was used. Therefore, EDTA was chosen for further experiments. However, EDTA could interact with polycations, and this feature may be critical for the mechanism of toxicity of the tested polymers (see below). In addition, polycations induce erythrocytes to adhere or to aggregate, rather than to be lysed, as indicated by the observation that up to 1 mg/ml poly-L-lysine leads to erythrocyte aggregation rather than lysis (Kaibara et al., 1984; Kanz et al., 1986) .
Not much is known about toxicity of polymers to the lungs and to cells in general. Our present in vitro data indicate that the pulmonary toxicity of the studied polymers is probably not due to some exquisite susceptibility of pulmonary epithelial cells for such agents. In view of the propensity of the pulmonary alveolar epithelium to accumulate polyamines-a feature which explains why the lung is a target organ for paraquat -it was not unreasonable to hypothesize that a polyamide-amine such as Acramin FWN, might exert its toxicity through interference with this mechanism. However, the cytotoxicity of FWR, FWN, and FHN appears to be neither cell-specific, nor purely dependent on a polyamine structure (since FWR is not a polyamine). We speculate that the cytotoxicity of these polymeric compounds is based principally on the fact that at physiological pH they all carry multiple positive charges on the nitrogen atoms. Indeed, it has been shown, both in vitro and in vivo, that polycations such as poly-L-arginine and poly-L-lysine exert a severe cytotoxicity for both epithelial and endothelial cells (Roberts et al., 1996; Santana et al., 1993) . The exact mechanism of this cytotoxicity is unclear but several biological and physiological events have been linked to the presence of exogenous and endogenous polycations. Thus, in the pulmonary epithelium, polycations, including poly-L-arginine, render the epithelium more leaky, as shown by an increased influx of mannitol and a reduced electrical resistance (Coyle et al., 1993) . In kidney glomerular epithelial cells, it has also been shown that albumin leaks through the tight junctions after treatment with polycations, and the increased permeability is accompanied by edema of the vascular wall (Coyle et al., 1993; Vepa et al., 1997) . The increased permeability of the tight junctions in both the epithelium and endothelium is probably the result of neutralization by the polycations of the normally negative charge on the cell surface. In all instances, the effects were diminished by polyanionic molecules such as heparin (Uchida et al., 1996) . The starburst dendrimers, which are used to transfect cells with small pieces of DNA, a function which they provide through their polycationic charges, also exert a high degree of cytotoxicity (Roberts et al., 1996; Sessa and Perin, 1997) . In addition to these findings using artificial polycations, it should be mentioned that some proteins produced by inflammatory cells, such as Cathepsin G, Major Basic Protein, and Platelet Factor 4, are considered to exert at least part of their biologic activity by virtue of their polycationic nature. This is because their effects, e.g., on tight junctions, can be mimicked by poly-L-lysine and poly-L-arginine (Rochat et al., 1988) .
In order to verify the hypothesis that FWR, FWN, and FHN exert their cytotoxicity as a result of their polycationic nature, we have performed the same in vitro cytotoxicity experiments in the presence of equal concentrations of polyanionic components. Details of these and other (ongoing) experiments using other possible protective agents will be published elsewhere, but our preliminary data strongly suggest that the polycationic character of these polymeric paint components may underlie their cellular toxicity.
The present in vitro results compare well with our previous observations in experimental animals (Clottens et al., 1997) , in that Acramoll W was virtually non toxic, while the other 3 components exhibited considerable toxicity. Again, Acramin FWR, Acramin FWN, and also Acrafix FHN had toxicities of comparable magnitude and, if anything, FWR was the most toxic component. How can this be reconciled with the epidemiological finding that the replacement of Acramin FWR by Acramin FWN was apparently responsible for the outbreak of pulmonary disease? Based on the presently available data, it can be excluded that the newly introduced compound was simply more toxic. The new formulation contained significantly more polycations, because the FHN concentration was augmented from 2 to 3%, and because 1% FWR was replaced by 7.5% FWN, thus presumably leading to an increase of the total polycation content per weight in the final paint mixture. However, when tested by intratracheal instillation, the final paint mixture was not more toxic than the initial one, even when an organic solvent (13% Stoddard solvent) was included in the mixture (Clottens et al., 1997) . However, even though the addition of this organic solvent did not by itself change the toxicity of the mixture, it possibly reduced the particle size (through evaporation) of the aerosolized paint mixture and in this way perhaps increased penetration in the respiratory tract. To our knowledge, this plausible hypothesis has not yet been tested experimentally.
Whatever the exact explanation, our in vitro findings corroborate the in vivo findings in experimental animals and also the tragic human experience that the inhalation of reputedly innocuous polymeric compounds may represent a serious health risk. The pulmonary toxicity of polymers has been the subject of only a small number of studies. Ethylene oxide/propylene oxide polymer (Klonne et al., 1987 (Klonne et al., , 1988 exhibited a surprising degree of pulmonary toxicity. Crosslinked polyacrylate dust caused pulmonary fibrosis only in some high-dosed animals (McGrath et al., 1994 (McGrath et al., , 1995 . Yet, a recent outbreak of interstitial lung disease in workers exposed to microfibers of nylon-a polyamide- (Kern et al., 1998) also runs against the common wisdom that polymers are generally of little health concern for exposed workers.
In our view, it is therefore important to assess the potential respiratory toxicity of compounds for which it can be anticipated (within reason) that they might be inhaled, even if this is not their intended normal destination. Our study indicates that for screening and identifying such potentially pneumotoxic chemicals, an in vitro approach for assessing respiratory toxicity may be a sensible first alternative to avoid extensive and expensive testing by inhalation. However, we do not claim that safe levels of exposure could yet be defined on the basis of in vitro research.
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